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(57) Abstract: A power amplifier driven by a pulse width modulation (PWM) signal. From a first pulse width modulation signal 
having a pulse width corresponding to the input signal quantization level, a pair of first drive pulses of reverse levels is formed and 
is supplied to a first push-pull circuit. From a second pulse width modulation signal having a pulse width corresponding to two' s 
complement of the input signal quantization level, a pair of first drive pulses of reverse levels is formed and is supplied to a second 
push-pull circuit (16). A loudspeaker (19) is connected between the output ends of the first and the second push-pull circuit (15, 16). 
A difference between the potential of the output end of the first push-pull circuit (15) and the potential of the output end of the second 
push-pull circuit (16) is detected and if any difference is present, the operation of the push-pull circuit is substantially stopped. 
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*&m&. rtfr^m&mm^ (WT, PWM (Pulse Width Modulation) (l^f 

t^o) iz£r> Y5>4 7$ tiz> -t > rmw^mii- % o 
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^-2002-209557 U X Mfttfg £ £311" 3 * © T' ifc D . COfcBIK 

t£5fcs t-f^fflOM7-7>riiHts l^fc»9>£Dift7>:7i:llffcftt 

T i n^iiCTPWM^ailslK} 1 1 lzi&&$tlZ> t#lz, ?u y ? 1 2 

e>ffi%.<Dm$L j BHD# d y -^^PWM^iHllK 1 1 n*. PWMigii 

lelSSl 1 Ci«6*nfef W-r -f^fif P i ntt, -*t©P WMff Jf P A. 

p b tc&jjjsns. 

C ©*§-&. H12A, I2Bl:St<tM:, PWMI^PA, PB0;t;i/X(s 
(^PWMflft^cij^t, &m "H" t?fts«fK*@) (is ^s?*;!/*-^* 
tffl^fP i n^t!^fbL"<;i/ (ffi'^P i n^D/A^ilt^CWl/A 
&Tl6jf$) £*fJf&UT&fl;-r<5*©-e&**^ -5©PWMIfPA 
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jftCHSfcStU ^©ft*>T# — x tffff P i n©^t^ 
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o us & s t>* ft t. r ifi d us ^ © \m j5 # m m m it t % s v n t> «g> s m is £ © p 

PWMi^PA, PB0*t'J7H»»f c (=1/TC) (i, * ;i/ * - 
5 s -f * {.Ti^P in©1t>r'J>^Itl!f s©Mi«l 6fgi:**ix f s = 4 8 
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fc=16fs=16x48kHz=768kHz 

£©PWMMIslSg 1 1 iPf.0-*OPWMl^P A # h* -5- ^ ^[glgg 1 3 
i&^nt, 83AtwtJ:5l:, P WMfg-sfP A t\fz-M<D 

v^-i ym<D^)ixm& (h'7^/iM) + pa n -paws^s. 

F7-f ^IUSS 1 3 ^©/"WI/^mflE + P A, -PAIt — *f©;*^ a> ^->^*S- 
^> Wx.linf-ty^^CMOS-FET (Metal Oxide Semiconductor Type F 
ield Effect Transistor) 15K 1 5 2 ©y- h iz ^ t\?tim$&£ ti 3 o 

3©Ji^r, FET (Field Effect Transistor) 15 K 1 5 2lt 
;i/|al»l 5 *«fig-TS *>©-£'& t)x FET1510HH >#1M^2 0 
8sS*U FET 1 5 lOV-^^FETl 5 20 KU-f>Cli?^ FET1 

5 2<Dv-xwmmizmm£tiz 0 nm$m*2 o sgj£ufcit«&*EE + vD 

f bts F E T 1 5 1 © V — *&t>*F E T 1 5 2 © b* b >f > OjjlRUtzi 
>f>itStt5D-;^7^H 1 7 SMUTx * fcf — * 1 9 ©-J8#&»l£ 

PWM&aElfcl H^CMOPWMifPBCjttllT*, PWMfi^PA 
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izMLX hmWHZffif&ZnZa PWMfI-s§PB# K^f :7|eIK& 1 4 iz 

#ti&£tlT, I3BC^tJ;o(^ m^P B t^&mRVS.^ tltz-tt<D K ^ 

H^-f ^01^ 1 4 ^f.0/t;i/^lE + P B. -PBi)i, r-v ^>a. r;u|H|Sg l 6 
5«t5-^©nf t>^;KDMOS - FET161, 16 2 ©y- h K-fcft 

^■LT> FET1 6 6 3 tf =J 

>r>^$tt§n-;^7^V^ 1 8£i§D-t*t-7J 1 9 ®i3«|«$ ft 

a* ¥-i3$%-r-s p -izmmznzo 

Lfztfr>X. rt)lZME. + P A = "H" (Dtglzte, ^JM|ff-PA = 
W L'* Tf&tK FE T 1 5 1 FET 1 5 2A s *7(Cft5 

©tN FET 1 5 h 15 2 ©&ifcj&©«JEV Att. H 3 Ctr^ti a «£E 
+ VDDt&5. it, ^^7,IE + PA= "L" <D£glZte s ^)VXMJ±-P 
A= "H" X$> D x F E T 1 5 1 ^±t{c; N FET1 5 2 # # > £ 

%(DX. mfl£V A= 0 tttZo " 

nmz, ^;U^mjE + PB= "H" (Dt%lZte s JDlXm.Hi-P B = "L" T* 
& »K FET1 6 l*t>l:i5:5J:J:*(:, FET1 6 2i^7C^;50t-, F 
ET 1 6 1, 16 2 ©&«Ejft©«JEVBtt N HISDlC^-rj^^ Mf± + V D D 

5S*(-x ;^7tff + PB= "L" ©fcgfctt, sVlxMIZ- P B = 
"H" TrfctK FET1 6 li^7l:&^J:^t: N FET 1 6 2#t>l:^5 
©-C% mffiVB = 0 fcfca. 

f Uts iEVA = + VDD, 7>o, m/±VB= 0 ©JtHP^Cte. 13 1 3 
E K^T £ a F E T 1 5 1 > 15 2 ©jgffi^j&»& % o-M;* 7 * 1 7 A» 
— £19. £ £ K d— 7 1 8 5 >^ii btx FET1 

6 1. 1 6 2<D&m&^£. mmi tfffitiZo 

£fzs 1EVA= 0s «EEVB = +VDD©JtBRS£tt x FET 1 6>1 > 

16 2®il^^ D— >\7> 7 1 8 1^-77 1 9 . ZbiZU— 

y 4 )i* i 7 izmz? -( >*mtx, fet i 5 k 15 2®gMAj:, mm 
zizmtfiitimtiZo $biz s va = vb = + vdd®ipl si5va = vb = 
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*tJ6 LT'^'fbl-^ i: £: * m^ii A s Xt- * 1 9 £#Eft-2>h#, i^iiiD- 
^7 7 4 1 7, 1 8 £ <fc i&JHi: LT, 7 ^-2> 1 9 £itft 

*i3fi$ti y^*^*— x-f #ff tP i n<D/vii-l"<))/lzSQi&[stz7j-a 7 

-* 1 9 (3^|&$ni)C iilc&^o 

£oUT, HI t^-r|n|gg{i N /W-T>7*i: LXmttTZ C©£:£, F 
E T 1 5 1 , 152, 16 1, 162 (i, A7J £ tlfz =f *J # — 7 4 *{f J # P 
i nl;^ltilfJt + VDD^X>f yf>^lT, «*lf*i & 1" -5 ©T-, g& 

»£*5^T* fi'J^l^t-A 1 9 i:7t-A«?SP+, S P- ££ifcS&ii-r<5P£ 
fciTK^-t, 7s h:— *Jg^s P + Xt£7 K-3b^-TS p -©-^fc, — sgffljj&s 

BOFET15K 152Xttl6K 1 6 2 *i § *s * ft#& 3 . 

Itv — «HM©y — b*^#7 t: — *Sja^FS P + &6W;t7 t — AJB^? S P -t 

KK^taE^jftiit, UlASOFET 1 5 K 1 5 2 , 1 6 1 , 1 6 2 

ei 4 iz7F?^v-T>7mmtz&, mnmtft&®9& 2 i#, ttj^s©7*v>i 

7;HHSS 15, 1 6 2 0 fc©ISk:lKtt&iia. 

-r &m3Ett£tiiai%2 1 fcfeiMTJi, o&o 2 1 1 
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i&^Ltill^nsfcttC, *filftS2 1 2&.Xfny^y^ 2 1 3 ©iS^JlHlSS^^ 
LTSiSftS. 2 o li, iiiMtfctL-iffl© h7y->^^2 1 4 ©Ji 5 y 

^K&fiSESfl*. mK^2 1 2 £: 3 > 5r > +J- 2 1 3 fc«D«*tjftrt* % F E T 1 5 1 
&7>* 1 6 1 © h* U>f >fc|£M£*i, 5 6(c:fct, iii 

EE + VDD#»tfiS2 1 2 £ifib-C#ifi&£ft<S. 

&M2 1 2t3>f >1r2 1 3 ««iKlftffl/H<Z) h-7 

2 1 4 C©b7>i;^^2 1 4©3U^^ii, h7>iJ 

2 1 5©"* — .XK&asSftSo CO Y^yVX* 2 1 5©^5. 

?On3>ti-^2 2 (i, h ^ > ^ * £ 2 1 5 © 3 U ^ * £t} # £ 9 , Si 

sattftta^nfcfcJMWrLfciis^tt, .r©#y-e(i, k^-t rua 1 3sv 1 4 

^tCH-f^it + PA, -PAXV+PB, -PBoa^ldltbt, FE 
T15 1, 152. 1 6 1 , 1 6 2 &niz*'7£.-rz&olzfflm-rZo 

z<D7&mm&tm®®2 n*, &©«t 5 iii^t^c -r&fr*,, i4®i/$i:« 

^Tte, ttMl? 2 0 frC><Dmmm,Ei + VD Dfi, Jgj/C§§ 2 1 2 £iffi T y > 

jiM^iMWKli, FET 1 5 1 , 152, 161, 162 trmtlZMM 
it±, ffi£©<ffi<fc t)fi*S < , £©fc&«j«&2 1 2fc«fcS«JEI$Tfcfc'J*$^fc 

-?5, fuidi©J;9^Sai(Cj; D, F E T 1 5 1 > 152, 161, 1 6 2 ^1 

£©, 5®m$fttfcfcKffl h 7 > 2 1 4 ii;fr> i:^-s 0 d©fc#>, h^>vx# 
2 1 5 !3, fffini/^^ ©^mifit&tHtll^^W v<)V1y>t> n- 

^ i: ta £ o 

h* ^-f ^[eisg i 3^t>* i 4 t-«, zwmmm^z&ttx. Kv-r^ff-^ 

+ PA, -PA&IK+PB, -PB©, FET151, 152, 161, 162 
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^(Dmf&*W.±t%o ZtilzZ*), FET15K 152, 16K 162 it± 

tzn. mmmtfotite < & >k feti 5 k 152. ieu 1 62 
1 9 tfumztiZo 

£Z\ZX', X £-#aSi-7-S P P -izx \Z — 1z 1 9 ;h,T, £© 

— * 1 9 #P WM§gfJj£ft§ ^#CD^1'7-T>rc9tl J l ^{ix $lW~ 1 0 0 W 

m§§2 1 2 ^^Ltr^^ir;nHig§ is, i6 izm&g n%mm-z& ztz&s 
mmmttVfiz&\,^xte, 1 9 iz^n^^v^m^mmi izfottzmtftftm 

J/tgf 2 12 £$Sttli> 3. 2: C ck £> * 7<y>a7;HBSl 5, 1 6 © filiiifllJE ( F E 
T15K 1 6 lfflh'U'f >'«CE) tf^-T-S- £:U:&&o 
£©fc«K IF|4©Ji/#T-{i, ^^-^^^©g/htH^©^ t iR*tti#©£: 

IS(i. A^ff^S:#S!^Ltlii|ira .^^^©-^'fcMM^ti-g,^ 1 ©If 
fclHEgi:, A^ft^HifeL-CigftlU tB^J^* s ^?Nf©ft!lisg{3^^^n^)^ 2 © 

i:©i*ti^^,*-r^^tB¥©i:s ^{±*.^^©^aitts^^s^ts miRvm2<D 

£*i3!f§ 1 ©i^iIilEl8§©ttS±r^i:, tjSoMm^ii^i 2 ©lg(g|Hlg§©tH 
% 1 9 i:^ e-*5g-T-S P +, S P - tZti&m* Z>m* ¥ lz#^x . 
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£ tlT t> -5 7j © X * * ffl ^Sffi t 3 if >Ii HI R©igffi (3 «A«#E 

ci©ti*5ioi!f§©tt , .^^©m^.* s T^-g)o 
£©&#>, m©i«<iiHiBS©tti*iiii<z>'t , ^«(4tc*f-r*-rn* j ^ ^©-rn* s 

aA ! t§5. £©»•&£«:, ft 1 ©igflslalliSfi, A^ff-^^^ ^©M-TYbb-< 
;i/£^;i/X(ei3ttj&£t»:fcft l ©^;i/**gt£ans mz&m LTtLi^-T l ©^ 

ft i ©^i^fifteaH^lSfr &tti;frS*i£38 l cD'^i'Xtil&m 
{i-^£5vW3«£i^;i/©--*f©ft l © * :/rwu* ££tfc ur tU 1 © 
K7^/#Si:, ft i ©-tt©*^ 5»f>^*?#r? ->i :r;Hgffi£*i-t«l/i£ 

*7 V^^KM^ils ffl*«#fi*&©--i»K«S«£;*;IX-5ft 1 ©7*y>a 

r;Hn|BSi:^(ix.§o MS 2 ©i&tgHKHi, ATjft ^S, *©s^fb 

© 2 ©«&&^;i/*HS£*rj!&$*fc!B 2 ©/^1/x^^^ifB-^n^siu-cas^-r 5 

ft 2 ©/i^^K^SR^©^ ft 2 ©^t;i/^^^p^s^e>ai^^ *i3ft 2 ©^;i/ 

;*^im^£svw3>i£i^;i/©-*t©ft 2 © h*^-r ynjixiz^nvxtati-r 

&ft 2 © ft 2 ©-*t©x^ >y?->^fil^#7 , y i/i7*JHi^? 

ftT«/£3*u ft 2 © 7*-f-gA^©i 2 ©-#© Y ^ 4 ^n^^tK ft 2 

<D-M<Dxj yT-yym^iz&i&zti. &±^ftm$<D®.mzmmtsftz>m 2 © 

itiTjaHicm&ils ft 2©7*y S/i7;w|p|&©m:fc«©^fc©rft£tfettl*- 3. 
tf* k — fcSB-T-S P + t-7j3g^S P-©-£*^ '>t—>^tli:iti 



WO 2004/010575 



'CT/JP2003/007224 



8 

^«* s A#©ft!i^{cjg^$n*^ 2 (Dm^mmt. m i ©^[^©.^^©m 
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m 1 it, pwMmm<D^v-7>7mw(Dffi!&mz^-t®v&mx&2>o 

m 2 ATbmm 2 mi \z^-r >w —t>> ymmcom^ommizm-t sir* 



WO 2004/010575 ^B>CT/JP2003/007224 



Trst'ifc&mcDM&tm* k>, m/ii$Zifr£?izmmiz7y r^nais 1 5 sir 

1 6 ft 3 • 

;H3S§ 1 5®tB*«fifeSF ET1 5 l®V-^!:FET15 20h'l/^>J:O 
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J1FET162CFUOJ: ©*gi^J& TP 1 6 © H fc. f£J/Ct§ 31, 3 2. 3 
3 ©iS3*J[IIB&#g?li£ft*. **©18in;S&3 2 l:lJIC3>7 f >1f3 4 

c©3>r>-»t3 4ii s c©as«[tfttHisiK3 o ftm,mwii&ft\z-D^x(D 

W3 1 £3 2©&*fcj&;&^ PNPih7>>;^^3 5©ji* ytlzmmz 
tlZt&lZ, PNPSh?>i;7^3 6©^CgS$ni. Jfifnl§3 2 £3 
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§y h7>^7^ 3 6©^5 y^CgS^tli. *UT. PNPf h7>vX^3 
55^PNPi h7>^X^3 6©3U ^7 *m±* i mM£tl. *<D&ffi&& h ^ 

>^^^3 7 (D^-xizmmz nz>o z-ov^yv^z 3 7©^^ y 

*u *•©:□ \s>?*\zm t>tizmnmwi&iiij3te. v^nn^t^ — * 2 2 K#t 

W±©«5fi£tc*5^-c{±> iifi'<ti!/fW-«£> }»JP 1 1 6tt. tt- 

Cf^m&s Og->K + VDD/2fcfc»K P WM|gii(nl{iS^7>tis HI 4 CDM'a 

t±< mmiz itiftt§ 0 3©i: ii^Tp 1 ssvtpi 6a, bu^e u 
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i t*;hs8& i 6 izitmnutmtite < ft *k feti6 k i 6 2*s{si$n5 
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F E T 1 5 1 , 152s 161, 162 (D±X £ * 7 t -5 . C*UC<fc D, 7 y > 
a r;Haltt 1 5 lz(iSim»5t7«*l& < & t>, FET15K 152 tfUMZ tlZ 

t&iz, M$tit lx<d7s 1 9 tfiisnt^ s^tcii, *tr-#i9$ 
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2 2«, aiftSKtftaiffl y> PWM^Ha[e|S& 1 1 ©£B;Jj P A, PB £#j£-f 3 

v-f ^Dn>tfi-# 2 2fc*, jim^^tiStb^(-ci: t> , PWM^^[n|l?g 

i i 7*in]g§ i 3, i 4 (Dmtt*nm±^mizt2>tzi>biz^ ^n^pwM 

1 1 H^^ ^[Elg§ 13, 14, !7*y ^zl 7)l<®m 15,1 6-s©m?S 
£ j&ITr "T § J: o iz t T * J; ^ o 

-*iS^SP- J:7^i/^ 1 8 £©1^, ®^f±*> t£ft£>ft7J>&rrffl©;*^ 

>y 1, 4 2 ?OD3>lia-*22^ ?i«»lt^ttStB^ CI 

^T, jBfl*tfcajl$K:B\ £ti£>©;W EI IS 4 1,42 S^7t5«k-5(: 
LT*<fc(^o ry ^IbI8S4 1 , 4 2 S^7t5C tt: <k ^ ft *SffliJ#tK 
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